New imaging tools have been developed in recent years to rapidly and accurately diagnose life-threatening diseases associated with high mortality rates, such as acute coronary syndromes, acute aortic dissection, or pulmonary embolism. The concept of using computed tomographic (CT) assessment in emergency settings is based on the possibility of excluding multiple acute pathologies within one scan. It can be used for patients complaining of acute chest pain of unclear etiology with the possible association of acute coronary dissection or pulmonary embolism, but only a low to moderate risk of developing an acute coronary syndrome. One of the benefits of this protocol is the possibility of decreasing the number of patients who are hospitalized for further investigations. The technique also allows the rapid triage of patients and the safe discharge of those who show negative results. The aim of this review is to summarize the current medical literature regarding the potential use of CT for the triple rule-out (TRO) of coronary etiologies.
INTRODUCTION
The effective triage of patients who are admitted through the emergency department (ED) complaining of chest pain is a common challenge in the field of emergency cardiology. By achieving this goal, the patients would benefit from an accurate diagnosis and also a decreased mortality rate due to an appropriate approach and adequate therapy. Chest pain is a frequent symptom for many visits to the ED. The most recent health statistics published in 2010 by the Centers for Disease Control and Prevention (CDC) emphasized that chest pain is the primary symptom in 9% of patients who present to the ED. 1 Patients with chest pain as a primary complaint can develop acute coronary syndromes (ACS), and it is important for the patient to undergo a specific treatment. Un- fortunately, many studies emphasized that patients with ACS are misdiagnosed and discharged unsafely, and their mortality rate reaches 2%. [2] [3] [4] [5] The first evaluation of patients who are admitted through the ED with chest pain as a primary symptom consists of blood tests analysis of the cardiac enzymes and electrocardiogram (ECG), and if these are modified, more specific invasive diagnosing procedures are needed. 6 Currently, along with the development of imaging techniques, patients are further investigated with noninvasive procedures such as computed tomography (CT), which seems to have a good specificity in the triage of patients accusing chest pain in the ED. [7] [8] [9] The role of CT in evaluat- 18 The International Cooperative Pulmonary Embolism Registry reported a mortality higher than 15% in patients with pulmonary embolism. 19 Having such a huge social impact, the need of an imaging modality appeared, that would assess, with a single examination, the pulmonary arteries, the thoracic aorta, and the coronary arteries, in order to rule out these three pathologies. Thus, the idea of triple-rule-out computed tomography (TRO-CT) emerged, which can be used in the ED for patients who present chest pain without ECG changes or high levels of cardiac enzymes, who are suspected of life-threatening diseases such as those mentioned above.
To exclude these three life-threatening diseases with one single scan, CT should be performed using an ECGgated protocol, as the coronary arteries cannot be analyzed by regular thoracic CT. A clear imaging protocol and appropriate patient preparation are prerequisites for a good quality assessment.
CT is an imaging tool highly suitable for patients who have been evaluated as having a low to intermediate risk of developing an acute coronary syndrome. It is not always easy for the clinician to decide whether a patient with chest pain requires hospitalization or can be safely discharged, especially in cases when ECG changes are not specific. [20] [21] [22] Using the triple rule-out strategy in the evaluation of patients with atypical chest pain, border levels of cardiac enzymes and non-pathognomonic ECG changes can help in deciding on the best therapeutic strategy and the safe discharge of patients.
The aim of this manuscript is to emphasize the benefits of using CT in patients who present with chest pain and have been evaluated as having a low to moderate risk for developing an acute coronary syndrome. At the same time, it aims to illustrate the most recent advances regarding the ability of the scan to rule out three major pathologies associated with high mortality rates: acute coronary syndrome, pulmonary embolism, and aortic dissection.
THE ECONOmIC ImPACT Of uSINg TRO-CT IN THE ED
It has been proved that the CT-based assessment can sig- They observed that the costs were lower in the group of patients following a triple rule-out protocol, the majority of them being discharged on the same day, compared with the second group in which the patients were hospitalized and underwent further invasive diagnostic procedures. patients who accused chest pain at their visit at the ED.
They observed that in 11% of the patients the chest pain was due to coronary disease that required further diagnostic testing. 29 Gruettner et al. (2013) assessed one hundred patients with acute chest pain. They performed the triple-rule-out CT protocol or coronary CT, and all patients were followed for 90 days to evaluate the rate of major adverse cardiac events (MACE). They observed that 60% of patients could be rapidly discharged on the same day, following the exclusion of non-coronary disease and concluded that triple-rule-out CT might contribute to lowering the number of diagnostic angiographies. 30 An aspect that should not be ignored is the high dose of radiation that is required for triple-rule-out CT. Many studies emphasized that the high-dose radiation exposure is due to long scanning length. [31] [32] [33] [34] A meta-analysis published in 2013 highlighted the radiation aspect of the TRO-CT. Ayaram et al. (2013) studied radiation exposure in 2,307 patients, of which 377 were included in the triple-rule-out CT group and 1,930 in the control group. A statistically significant difference was observed between the two groups, patients assessed with TRO-CT being exposed to a significantly higher dose of ionising radiation.
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THE TRIPLE-RuLE-OuT CT PROTOCOL
The basic technical challenge of this method is to obtain simultaneously an intense, consistent contrast enhancement in all three arterial territories. This can be accomplished only by using a tailored contrast medium administration regimen. 35 Usually biphasic injection is preferred, contsisting of the administration of an undiluted contrast, followed by diluted contrast medium with saline. This type of contrast administration provides a highly homogeneous contrast enhancement in the aorta and coronary arteries and a slightly lower but also homogeneous contrast in the pulmonary arteries. Several variants regarding the volume and rate of contrast and saline are proposed for a scanning time of 15 seconds. A rapid flow rate in both phases is indicated to minimize venous return from the inferior vena cava, and for a good image quality it is also important to adjust the contrast dose not to have bright contrast in the superior vena cava during scanning time. 36 The region of interest for the triple-rule-out technique is in the left atrium, and scanning starts after 5 seconds after the threshold value is reached, in order to get the peak contrast intensity of the aorta and coronary arteries.
Similarly to a coronary computed tomography angiography (CCTA), in order to get a high image quality, triple-rule-out studies use ECG gating to reduce motion artefacts produced by cardiac pulsations, and acquisitions are performed during breath-hold to prevent respiratory movement artefacts.
To reduce radiation doses, a prospective ECG-gated acquisition is preferred, but it is only suitable in patients with a stable heart rate.
The "field of view" is another parameter that is adjusted to reduce radiation exposure. Because the radiation dose is directly proportional to the scan length, in the triple-rule-out technique the acquisition includes only the thoracic aorta and the heart, while lung apices above the aortic arch are not included. 37 Scans are designed to start at the base of the heart, with the superior margin at one cm above the aortic arch. An important aspect concerning acquisition is the scanning direction, which is caudalcranial in order to include distal pulmonary arteries at the base of the lungs, which otherwise may be visualized at a low contrast intensity.
CONCLuSION
Triple-rule-out computed tomography angiography is a relatively new technique used in the evaluation of acute chest pain in patients without invasive coronary angiography indication. Using an optimized CT protocol with tailored parameters for decreased radiation exposure concomitant with an efficient contrast medium injection, the triple-rule-out CT protocol is a powerful tool suitable for simultaneously evaluating the thoracic aorta, the coronary arteries, and the pulmonary arteries. Further data is needed to validate this protocol in the assessment of patients with acute chest pain before it can be validated as a routine emergency screening tool.
